After that these theoretical parametrs were related to the activity carcinogenity of these compounds as carcinogenic agents. The results showed that two factors can be related to carcinogenity of these compounds; the first one is the carbon atoms of low electron densities (i.e the position of electrophilic atoms), the second is the hardness of these compounds.
Abstract:
The various types of descriptors such as ionization energy, molecular hardness, electrophilicity, frontier molecular orbital energies together with electron densities of each atom for the optimized geometries of the molecule of different polyaromatic hydrocarbons (PAHs) were estimated by employing on ab-initio method expressed by Hartree -Fock (HF) model performed at the (3-21G) level of theory.
Introduction
Poly aromatic hydrocarbons (PAHs) are a class of planner molecules, abundant in urban environment which can induce chemical carcinogenesis. Their carcinogenic power varies in a large range, from very strong carcinogens to inactive ones. Models suggesting a link between the carcinogenic activities of aromatic compounds and electronic properties date back at least to 70 years ago, belongs to the pioneering work published by Schmidt (1) . Since that a numerous theories have been proposed (2,3) attempting to correlate electronic indices estimated by using molecular orbital theory with carcinogenic activity. A successful theoretical correlation of this nature is extremely important in chemistry and medicine due to the following reasons:
A) Provides an important view for the chemical mechanism. B) When the results are perfect, they could provide a rapid and simple screening procedure to replace the time-consuming and expensive animal experiments now required for testing of potential of carcinogens. C) The results might be used to design an effective antitumer agents.
Most theoretical models proposed for carcinogenity have focused on electronic properties of aromatic hydrocarbons, yielding in many cases quite interesting and suggestive results (4) (5) (6) . However, during the past years a considerable expansion has been carried out on theoretical calculation of reactivity indices of PAHs.
It was demonstrated (7, 8) that the HF / 3-21G is one of the most reliable methods for calculation of geometries and energies of PAHs. The optimized geometries and calculated electron density parameter of some aromatic hydrocarbons were estimated in order to determine their reactivity in electrophilic substitution and Diels-Alder reaction (9) (10) (11) .
The concepts of chemical potential (µ), electronegativity (w) and hardness (η) are collectively (12) (13) (14) (15) (16) (17) known as global reactivity descriptor, have systemized the study in this area. The principle of maximum hardness (PMH) (18) , relating the relative stability of a system to a larger value of hardness has been tested by employing semi-empirical as well as ab-initio quantum chemical calculations (19) . Local reactivity descriptors such as Fukui function (FF) and local softness, relating change in electron density to the number of electron and chemical potential respectively have been used to determine the site reactivity of system (20) (21) . Electrophilicity and nucleophilicity (FFs) have been used as indicators for measuring the reactivity toward different reagents of these compounds (22) .
In this work, we presented a study of the reactivity of a number of descriptors for some PAHs in order to highlight the donor-acceptor sites on some PAHs and estimate their capability as carcinogenic factor; since it is well known that the main metabolic pathway of these compounds depends on their capability to form covalent adducts with the nucleophilic sites in DNA and RNA of the living cell leading to alteration in their structure and behaviour as genetic materials (23) .
Calculations
Quantum chemical calculations were performed using GAMSS (General atomic and molecular structure system) suite programs.
Initial geometry optimization for each molecule of the poly aromatic hydrocarbons compounds was carried out using molecular mechanics (MM2)(24), then the lowest energy conformers were optimized by means of semiempirical Austain Model 1 (AM1) method (25) .
Further optimization of geometry was undertaken using Hartree-Fock level (HF) with the (3-21G) basis set level of theory in order to minimize structure and find an appropriate geometry.
Some physical properties can be calculated with section of GAMSS input. The required data such as Mulliken charges of all atoms and energy levels (HOMO & LUMO) obtained in output. The energies will be in units β relative to α from this HOMO and LUMO can be identified (26) .
Result and Discussion
The structure of some poly aromatic hydrocarbons PAHs, together with the numbering active carbon atom in the molecules are shown in chart (I). Some of these compounds are reasonably anticipated to be human carcinogens based on sufficient evidences obtained from tests carried out on animals experiment (27) .
Chart (1) : Structure of Poly Aromatic Hydrocarbons Compounds and their Carbon Number
Benzene (1) Benzo[a]anthracene (6) Dibenzo[a,i]pyrene (11) Naphthalene (2) Benzo[a]pyrene (7) benzo[J]fluoranthene (12) Phenanthrene (3) Naphtha-tetraphene(8) Indeno[1,2,3-cd]pyrene (15) The Mulliken charges, at the reactive carbon atoms in molecules under investigation together with reactivity descriptors are calculated for the optimized geometries of these compounds. The Mulliken charges at all reactive carbon of these carcinogenic compounds are calculated using ab-initio HF/3-21G method and gathered in Table (1), according to numbering shown in chart No(1). These results reveal that the electron density are homogeneous at different carbon atoms of symmetric molecules such as benzene.
The homogenity decreases as the symmetry of these molecules decreases, producing different types of atoms. These differences in electron density increase the reactivity of atoms toward the electrophilic and nucleophilic substitution reaction. It is well known that, aromatic compounds undergo electrophilic or nucleophilic substitution reactions (aromatic substitution) more easily than to addition reaction. In other words they exhibit tendency to retain their π-electron delocalization with resonance stabilization energy unchanged. So that the highly charged atom has a tendency to accept electrophilic reagent such as positions No. pyrene have the capability to accepted nucleophilic reagents. i.e these positions tend to react with nucleophilic sites of the DNA in the living cells. These results give a preliminary indication of the capability of these compound to bind with DNA of the cell, performing the first step in carcinogenity of these compounds.
Global Physical Properties
Quantum mechanic calculation methods provide definitions of important universal concept of molecular structure stability and reactivity (28) . An approximation for absolute hardness (η) was developed (17), as follows.
where (I) is the ionization energy,(A) the electron affinity.
According to the Koopmen's theorm [29] the ionization energy and electron affinity can be expressed by the following relation: I = -E HOMO and A= -E LUMO Where HOMO is the energy of the highest occupied molecular orbital and LUMO is the energy of the lowest unoccupied molecular orbital.
The higher HOMO energy corresponds to the more reactive molecule in reaction with electrophiles, while lower LUMO energy is essential for molecular reaction with nucleophiles (30) . The hardness corresponds to the gab between these two orbitals in the molecule. On the other hand the hardness measures the resistance of molecules to change in their electron distribution. A number of studies shown [31] [32] [33] a good relation between the aromaticity and the hardness. i.e a small H-L energy gap has been associated with antiaromaticity and vice versa.
The hardness, ionization potential and electron affinity of these compounds were calculated and listed in Table ( 2). The relation between the hardness and number of conjugated carbon atoms are shown in Figure (I) , which reveals clearly that, the hardness of these compounds decreases as the number of carbon atoms increase. No. of conjugated carbon atom
Hardness
The global electron affinity can also be used in combination with ionization energy to calculate another global reactivity descriptor, the electronic chemical potential (µ), which can be defined (17) as follows:
While the global philicity index (w) can be evaluted using the electronic chemical potential (µ) and chemical hardness(η) as follow: (2) and (3) represent the relation between (µ) and (w) with number of carbon atoms in molecules. The value of (µ) decreases as the carbon number increases with large deviation from linearity. On the other hand the value of (w) increases as the number of carbon atom increase. The above relationships are all showed a very low values of R 2 indicating that, the global reactivity factors are not the only factors can be used to visualize the reactivity and carcinogenity of these compounds, so that we thought that local reactivity at some positions in these compounds may play an important role in reactivity and carcinogenity of these compound. 
Carcinogenicity
The L and K-region theory represent the first successful attempt to explain the carcinogenicity of poly aromatic hydrocarbons where the Kregion is defined as the electron-rich region and containing the highest molecular π-bond order while the L-region consist of two para carbon atoms which display the highest free valance indices. Moreover Boyland and Kooymans pointed out that the presence of K-region alone it seems difficult to explain the mechanism of carcinogenesis (5, 34) . The presence of K-region is an essential condition for carcinogensis and required the presence of inactive L-region as a supplementary condition. This implies the mutual dependence between the two regions L and K (35) . This result showed the importance of the presence of trans butadiene conformation in PAHs for the carcinogenity of these compound. These positions 1 and 2 correspond to the two atoms of K-region and the other carbon atom (position 4) correspond to L-region. Chart number (2) shows the position of K-region for these compound together with trans position (position 4).
It is well known that the carcinogenity of these compound depends on their capability to form covalent bond with nucleophilic sites of the DNA. For this reason electrophilicity (ƒ + ) position of these compound were theoretically calculated as shown in following equation ƒ + = q a (N+1) -q a (N) ----(4) which q a (N+1) and q a (N) stand for the Mulliken charges on (a) atom of the anion and neutral molecule respectively. The result of these calculation are gathered in Table (4) .
Table (4) shows that the non-carcinogenic compounds have values of (ƒ + ) less than 0.17 for trans position while all carcinogenic compounds have value greater than 0.17 which implies that the (ƒ + ) factors are most important factors in determining the carcinogenity of these compound. These results are in agreement with the result reported by Park (36) , where the sum of π-electron densities in the LUMO for the two carbon at K-region (position 1,2) together with position 4 in L-region represent a good index for carcinogenicity of some series of PAHs compounds. (11) Naphthalene (2) Benzo[a]pyrene (7) benzo[J]fluoranthene (12) Phenanthrene (3) Naphtha-tetraphene(8) 
